The task of developing a new questionnaire or translating an existing questionnaire into a different language might be overwhelming. The greatest challenge perhaps is to come up with a questionnaire that is psychometrically sound, and is efficient and effective for use in research and clinical settings. This article provides guidelines for the development and translation of questionnaires for application in medical fields, with a special emphasis on perioperative and pain medicine. We provide a framework to guide researchers through the various stages of questionnaire development and translation. To ensure that the questionnaires are psychometrically sound, we present a number of statistical methods to assess the reliability and validity of the questionnaires.
Introduction
Questionnaires or surveys are widely used in perioperative and pain medicine research to collect quantitative information from both patients and health-care professionals. Data of interest could range from observable information (e.g., presence of lesion, mobility) to patients' subjective feelings of their current status (e.g., the amount of pain they feel, psychological status). Although using an existing questionnaire will save time and resources, [1] a questionnaire that measures the construct of interest may not be readily available, or the published questionnaire is not available in the language required for the targeted respondents. As a result, investigators may need to develop a new questionnaire or translate an existing one into the language of the intended respondents. Prior work has highlighted the wealth of literature available on psychometric principles, methodological concepts, and techniques regarding questionnaire development/ translation and validation. To that end, this article is not meant to provide an exhaustive review of all the related statistical concepts and methods. Rather, this article aims to provide straightforward guidelines for the development or translation of questionnaires (or scales) for use in perioperative and pain medicine research for readers who may be unfamiliar with the process of questionnaire development and/or translation. Readers are recommended to consult the cited references to further examine these techniques for application.
This article is divided into two main sections. The first discusses issues that investigators should be aware of in developing or translating a questionnaire. The second section of this paper illustrates procedures to validate the questionnaire after the questionnaire is developed or translated. A model for the questionnaire development and translation process is presented in Figure 1 . In this special issue of the Saudi journal of Anesthesia we presented multiple studies of development and validation of questionnaires in perioperative and pain medicine, we encourage readers to refer to them for practical experience.
Preliminary Considerations
It is crucial to identify the construct that is to be assessed with the questionnaire, as the domain of interest will determine what the questionnaire will measure. The next question is: How will the construct be operationalized? In other words, what types of behavior will be indicative of the domain of interest? Several approaches have been suggested to help with this process, [2] such as content analysis, review of research, critical incidents, direct observations, expert judgment, and instruction.
Once the construct of interest has been determined, it is important to conduct a literature review to identify if a previously validated questionnaire exists. A validated questionnaire refers to a questionnaire/scale that has been developed to be administered among the intended respondents. The validation processes should have been completed using a representative sample, demonstrating adequate reliability and validity. Examples of necessary validation processes can be found in the validation section of this paper. If no existing questionnaires are available, or none that are determined to be appropriate, it is appropriate to construct a new questionnaire. If a questionnaire exists, but only in a different language, the task is to translate and validate the questionnaire in the new language. 
Reliability

Developing a Questionnaire
To construct a new questionnaire, a number of issues should be considered even before writing the questionnaire items.
Identify the dimensionality of the construct Many constructs are multidimensional, meaning that they are composed of several related components. To fully assess the construct, one may consider developing subscales to assess the different components of the construct. Next, are all the dimensions equally important? or are some more important than others? If the dimensions are equally important, one can assign the same weight to the questions (e.g., by summing or taking the average of all the items). If some dimensions are more important than others, it may not be reasonable to assign the same weight to the questions. Rather, one may consider examining the results from each dimension separately.
Determine the format in which the questionnaire will be administered Will the questionnaire be self-administered or administered by a research/clinical staff? This decision depends, in part, on what the questionnaire intends to measure. If the questionnaire is designed to measure catastrophic thinking related to pain, respondents may be less likely to respond truthfully if a research/clinical staff asked the questions, whereas they may be more likely to respond truthfully if they are allowed to complete the questionnaire on their own. If the questionnaire is designed to measure patients' mobility after surgery, respondents may be more likely to overreport the amount of mobility in an effort to demonstrate recovery. To obtain a more accurate measure of mobility after surgery, it may be preferable to obtain objective ratings by clinical staff.
If respondents are to complete the questionnaire by themselves, the items need to be written in a way that can be easily understood by the majority of the respondents, generally about Grade 6 reading level. [3] If the questionnaire is to be administered to young respondents or respondents with cognitive impairment, the readability level of the items should be lowered. Questionnaires intended for children should take into consideration the cognitive stages of young people [4] (e.g., pictorial response choices may be more appropriate, such as pain faces to assess pain [5] ). [6, 7] Item development A number of guidelines have been suggested for writing items. [7] Items should be simple, short, and written in language familiar to the target respondents. The perspective should be consistent across items; items that assess affective responses (e.g., anxiety, depression) should not be mixed with those that assess behavior (e.g., mobility, cognitive functioning). [8] Items should assess only a single issue. Items that address more than one issue, or "double-barreled" items (e.g., "My daily activities and mood are affected by my pain."), should not be used. Avoid leading questions as they may result in biased responses. Items that all participants would respond similarly (e.g., "I would like to reduce my pain.") should not be used, as the small variance generated will provide limited information about the construct being assessed. Table 1 summarizes important tips on writing questions.
The issue of whether reverse-scored items should be used remains debatable. Since reverse-scored items are negatively worded, it has been argued that the inclusion of these items may reduce response set bias. [9] On the other hand, others have found a negative impact on the psychometric properties of scales that included negatively worded items. [10] In recent years, an increasing amount of literature reports problems with reverse-scored items. [11] [12] [13] [14] Researchers who decide to include negatively worded items should take extra steps to ensure that the items are interpreted as intended by the respondents, and that the reverse-coded items have similar psychometric properties as the other regularly coded items. [7] Determine the intended length of questionnaire There is no rule of thumb for the number of items that make up a questionnaire. The questionnaire should contain sufficient items to measure the construct of interest, but not be so long that respondents experience fatigue or loss of motivation in completing the questionnaire. [17, 18] Not only should a questionnaire possess the most parsimonious (i.e., simplest) structure, [19] but it also should consist of items that adequately represent the construct of interest to minimize measurement error. [20] Although a simple structure of questionnaire is recommended, a large pool of items is needed in the early stages of the questionnaire's development as many of these items might be discarded throughout the development process. [7] Review and revise initial pool of items After the initial pool of questionnaire items are written, qualified experts should review the items. Specifically, the items should be reviewed to make sure they are accurate, free of item construction problems, and grammatically correct. The reviewers should, to the best of their ability, ensure that the items do not contain content that may be perceived as offensive or biased by a particular subgroup of respondents.
Preliminary pilot testing
Before conducting a pilot test of the questionnaire on the intended respondents, it is advisable to test the questionnaire items on a small sample (about 30-50) [21] of respondents. [17] This is an opportunity for the questionnaire developer to know if there is confusion about any items, and whether respondents have suggestions for possible improvements of the items. One can also get a rough idea of the response distribution to each item, which can be informative in determining whether there is enough variation in the response to justify moving forward with a large-scale pilot test. Feasibility and the presence of floor (almost all respondents scored near the bottom) or ceiling effects (almost all respondents scored near the top) are important determinants of items that are included or rejected at this stage. Although it is possible that participants' responses to questionnaires may be affected by question order, [22] [23] [24] this issue should be addressed only after the initial questionnaire has been validated. The questionnaire items should be revised upon reviewing the results of the preliminary pilot testing. This process may be repeated a few times before finalizing the final draft of the questionnaire.
Summary
So far, we highlighted the major steps that need to be undertaken when constructing a new questionnaire. Researchers should be able to clearly link the questionnaire items to the theoretical construct they intend to assess. Although such associations may be obvious to researchers who are familiar with the specific topic, they may not be apparent to other readers and reviewers. To develop a questionnaire with good psychometric properties that can subsequently be applied in research or clinical practice, it is crucial to invest the time and effort to ensure that the items adequately assess the construct of interest. means, a better question(s) would be to ask about the symptoms of neuropathic pain, for example, "have you had episodes of piercing pain like hot needles into your skin, before" Avoid unnecessary details, as people are usually less inclined to complete long questionnaires, however make sure to ask for all the essential details Avoid asking direct questions on sensitive issues. Example: "Are you obese?" can be better written as " do you think you have a weight issue" Minimize bias. Example: "I was satisfied with the pain management that I had (yes or no)?" Better question is to ask about the level of satisfaction in a scale from 0 to 10. As many patients may choose yes to please you Avoid weasel words such as commonly, usually, some, and hardly ever. Example: "Do you commonly have pain?" is better written as "How often do you have pain?" Avoid using statements instead of questions Avoid using agreement response anchors. Example: Your postoperative pain was the main concern to you before surgery (with Likert scale options). A better question would be what was your main concern before surgery? (with listing some options) Avoid using too few or too many response anchors. Use five or more response anchors to achieve stable participant responses Verbally label each response option, use only verbal labels, maintain equal spacing between response options, and use additional space to visually separate nonsubstantive response options from the substantive options Arrange the questions. Always go from general to particular, easy to difficult, and factual to abstract Consider adding some contradictory questions, to detect the responders' consistency, as some tend to tick whether "agree" or "disagree"
Translating a Questionnaire
The following section summarizes the guidelines for translating a questionnaire into a different language.
Forward translation
The initial translation from the original language to the target language should be made by at least two independent translators. [25, 26] Preferably, the bilingual translators should be translating the questionnaire into their mother tongue, to better reflect the nuances of the target language. [27] It is recommended that one translator be aware of the concepts the questionnaire intend to measure, to provide a translation that more closely resembles the original instrument. It is suggested that a naïve translator, who is unaware of the objective of the questionnaire, produce the second translation so that subtle differences in the original questionnaire may be detected. [25, 26] Discrepancies between the two (or more) translators can be discussed and resolved between the original translators, or with the addition of an unbiased, bilingual translator who was not involved in the previous translations.
Backward translation
The initial translation should be independently back-translated (i.e., translate back from the target language into the original language) to ensure the accuracy of the translation. Misunderstandings or unclear wordings in the initial translations may be revealed in the back-translation. [25] As with the forward translation, the backward translation should be performed by at least two independent translators, preferably translating into their mother language (the original language). [26] To avoid bias, back-translators should preferably not be aware of the intended concepts the questionnaire measures. [25] Expert committee Constituting an expert committee is suggested to produce the prefinal version of the translation. [25] Members of the committee should include experts who are familiar with the construct of interest, a methodologist, both the forward and backward translators, and if possible, developers of the original questionnaires. The expert committee will need to review all versions of the translations and determine whether the translated and original versions achieve semantic, idiomatic, experiential, and conceptual equivalence. [25, 28] Any discrepancies will need to be resolved, and members of the expert committee will need to reach a consensus on all items to produce a prefinal version of the translated questionnaire. If necessary, the process of translation and back-translation can be repeated.
Preliminary pilot testing
As with developing a new questionnaire, the prefinal version of the translated questionnaire should be pilot tested on a small sample (about 30-50) [21] of the intended respondents. [25, 26] After completing the translated questionnaire, the respondent is asked (verbally by an interviewer or via an open-ended question) to elaborate what they thought each questionnaire item and their corresponding response meant. This approach allows the investigator to make sure that the translated items retained the same meaning as the original items, and to ensure there is no confusion regarding the translated questionnaire. This process may be repeated a few times to finalize the final translated version of the questionnaire.
Summary
In this section, we provided a template for translating an existing questionnaire into a different language. Considering that most questionnaires were initially developed in one language (e.g., English when developed in English-speaking countries [25] ), translated versions of the questionnaires are needed for researchers who intend to collect data among respondents who speak other languages. To compare responses across populations of different language and/or culture, researchers need to make sure that the questionnaires in different languages are assessing the equivalent construct with an equivalent metric. Although the translation process is time consuming and costly, it is the best method to ensure that a translated measure is equivalent to the original questionnaire. [28] Validating a Questionnaire Initial validation After the new or translated questionnaire items pass through preliminary pilot testing and subsequent revisions, it is time to conduct a pilot test among the intended respondents for initial validation. In this pilot test, the final version of the questionnaire is administered to a large representative sample of respondents for whom the questionnaire is intended. If the pilot test is conducted for small samples, the relatively large sampling errors may reduce the statistical power needed to validate the questionnaire. [2] Reliability The reliability of a questionnaire can be considered as the consistency of the survey results. As measurement error is present in content sampling, changes in respondents, and differences across raters, the consistency of a questionnaire can be evaluated using its internal consistency, test-retest reliability, and inter-rater reliability, respectively.
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Internal consistency Internal consistency reflects the extent to which the questionnaire items are inter-correlated, or whether they are consistent in measurement of the same construct. Internal consistency is commonly estimated using the coefficient alpha, [29] also known as Cronbach's alpha. Given a questionnaire x, with k number of items, alpha () can be computed as:
Where,  i 2 is the variance of item i, and  x 2 is the total variance of the questionnaire.
Cronbach's alpha ranges from 0 to 1 (when some items are negatively correlated with other items in the questionnaire, it is possible to have negative values of Cronbach's alpha). When reverse-scored items are [incorrectly] not reverse scored, it can be easily remedied by correctly scoring the items. However, if a negative Cronbach's alpha is still obtained when all items are correctly scored, there are serious problems in the original design of the questionnaire), with higher values indicating that items are more strongly interrelated with one another. Cronbach's  = 0 indicates no internal consistency (i.e., none of the items are correlated with one another), whereas  = 1 reflects perfect internal consistency (i.e., all the items are perfectly correlated with one another). In practice, Cronbach's alpha of at least 0.70 has been suggested to indicate adequate internal consistency. [30] A low Cronbach's alpha value may be due to poor inter-relatedness between items; as such, items with low correlations with the questionnaire total score should be discarded or revised. As alpha is a function of the length of the questionnaire, alpha will increase with the number of items. In addition, alpha will increase if the variability of each item is increased. It is, therefore, possible to increase alpha by including more related items, or adding items that have more variability to the questionnaire. On the other hand, an alpha value that is too high ( ≥ 0.90) suggests that some questionnaire items may be redundant; [31] investigators may consider removing items that are essentially asking the same thing in multiple ways.
It is important to note that Cronbach's alpha is a property of the responses from a specific sample of respondents. [31] Investigators need to keep in mind that Cronbach's alpha is not "the" estimate of reliability for a questionnaire under all circumstances. Rather, the alpha value only indicates the extent to which the questionnaire is reliable for "a particular population of examinees." [32] A questionnaire with excellent reliability with one sample may not necessarily have the same reliability in another. Therefore, the reliability of a questionnaire should be estimated each time the questionnaire is administered, including pilot testing and subsequent validation stages.
Test-retest reliability
Test-retest reliability refers to the extent to which individuals' responses to the questionnaire items remain relatively consistent across repeated administration of the same questionnaire or alternate questionnaire forms. [2] Provided the same individuals were administered the same questionnaires twice (or more), test-retest reliability can be evaluated using Pearson's product moment correlation coefficient (Pearson's r) or the intraclass correlation coefficient.
Pearson's r between the two questionnaires' responses can be referred to as the coefficient of stability. A larger stability coefficient indicates stronger test-retest reliability, reflecting that measurement error of the questionnaire is less likely to be attributable to changes in the individuals' responses over time.
Test-retest reliability can be considered the stability of respondents' attributes; it is applicable to questionnaires that are designed to measure personality traits, interest, or attitudes that are relatively stable across time, such as anxiety and pain catastrophizing. If the questionnaires are constructed to measure transitory attributes, such as pain intensity and quality of recovery, test-retest reliability is not applicable as the changes in respondents' responses between assessments are reflected in the instability of their responses. Although test-retest reliability is sometimes reported for scales that are intended to assess constructs that change between administrations, researchers should be aware that test-retest reliability is not applicable and does not provide useful information about the questionnaires of interest. Researchers should also be critical when evaluating the reliability estimates reported in such studies.
An important question to consider in estimating test-retest reliability is how much time should lapse between questionnaire administrations? If the duration between time 1 and time 2 is too short, individuals may remember their responses in time 1, which may overestimate the test-retest reliability. Respondents, especially those recovering from major surgery, may experience fatigue if the retest is administered shortly after the first administration, which may underestimate the test-retest reliability. On the other hand, if there is a long period of time between questionnaire administrations, individuals' responses may change due to other factors (e.g., a respondent may be taking pain Saudi Journal of Anesthesia / Volume 11 (Supplement 1) / May 2017 management medications to treat chronic pain condition). Unfortunately, there is no single answer. The duration should be long enough to allow the effects of memory to fade and to prevent fatigue, but not so long as to allow changes to take place that may affect the test-retest reliability estimate. [17] Inter-rater reliability For questionnaires in which multiple raters complete the same instrument for each examinee (e.g., a checklist of behavior/symptoms), the extent to which raters are consistent in their observations across the same group of examinees can be evaluated. This consistency is referred to as the inter-rater reliability, or inter-rater agreement, and can be estimated using the kappa statistic. [33] Suppose two clinicians independently rated the same group of patients on their mobility after surgery (e.g., 0 = needs help of 2+ people; 1 = needs help of 1 person; 2 = independent), kappa () can be computed as follows:
Where, P o is the observed proportion of observations in which the two raters agree, and P e is the expected proportion of observations in which the two raters agree by chance. Accordingly,  is the proportion of agreement between the two raters, after factoring out the proportion of agreement by chance. as excellent agreement. [34, 35] If more than two raters are used, an extension of Cohen's  statistic is available to compute the inter-rater reliability across multiple raters. [36] Validity The validity of a questionnaire is determined by analyzing whether the questionnaire measures what it is intended to measure. In other words, are the inferences and conclusions made based on the results of the questionnaire (i.e., test scores) valid? [37] Two major types of validity should be considered when validating a questionnaire: content validity and construct validity.
Content validity
Content validity refers to the extent to which the items in a questionnaire are representative of the entire theoretical construct the questionnaire is designed to assess. [17] Although the construct of interest determines which items are written and/or selected in the questionnaire development/translation phase, content validity of the questionnaire should be evaluated after the initial form of the questionnaire is available. [2] The process of content validation is particularly crucial in the development of a new questionnaire.
A panel of experts who are familiar with the construct that the questionnaire is designed to measure should be tasked with evaluating the content validity of the questionnaire. The experts judge, as a panel, whether the questionnaire items are adequately measuring the construct intended to assess, and whether the items are sufficient to measure the domain of interest. Several approaches to quantify the judgment of content validity across experts are also available, such as the content validity ratio [38] and content validation form. [39, 40] Nonetheless, as the process of content validation depends heavily on how well the panel of experts can assess the extent to which the construct of interest is operationalized, the selection of appropriate experts is crucial to ensure that content validity is evaluated adequately. Example items to assess content validity include: [41] • The questions were clear and easy • The questions covered all the problem areas with your pain • You would like the use of this questionnaire for future assessments • The questionnaire lacks important questions regarding your pain • Some of the questions violate your privacy.
A concept that is related to content validity is face validity. Face validity refers to the degree to which the respondents or laypersons judge the questionnaire items to be valid. Such judgment is based less on the technical components of the questionnaire items, but rather on whether the items appear to be measuring a construct that is meaningful to the respondents. Although this is the weakest way to establish the validity of a questionnaire, face validity may motivate respondents to answer more truthfully. For example, if patients perceive a quality of recovery questionnaire to be evaluating how well they are recovering from surgery, they may be more likely to respond in ways that reflect their recovery status.
Construct validity
Construct validity is the most important concept in evaluating a questionnaire that is designed to measure a construct that is not directly observable (e.g., pain, quality of recovery). If a questionnaire lacks construct validity, it will be difficult to interpret results from the questionnaire, and inferences cannot be drawn from questionnaire responses to a behavior domain. The construct validity of a questionnaire can be evaluated by estimating its association with other variables (or measures of a construct) with which it should be correlated positively, negatively, or not at all. [42] In practice, the questionnaire of interest, as well as the preexisting instruments that measure similar and dissimilar constructs, is administered to the same groups of individuals. Correlation matrices are then used to examine the expected patterns of associations between different measures of the same construct, and those between a questionnaire of a construct and other constructs. It has been suggested that correlation coefficients of 0.1 should be considered as small, 0.3 as moderate, and 0.5 as large. [43] For instance, suppose a new scale is developed to assess pain among hospitalized patients. To provide evidence of construct validity for this new pain scale, we can examine how well patients' responses on the new scale correlate with the preexisting instruments that also measure pain. This is referred to as convergent validity. One would expect strong correlations between the new questionnaire and the existing measures of the same construct, since they are measuring the same theoretical construct. Alternatively, the extent to which patients' responses on the new pain scale correlate with instruments that measure unrelated constructs, such as mobility or cognitive function, can be assessed. This is referred to as divergent validity. As pain is theoretically dissimilar to the constructs of mobility or cognitive function, we would expect zero, or very weak, correlation between the new pain questionnaire and instruments that assess mobility or cognitive function. Table 2 describes different validation types and important definitions.
Subsequent validation
The process described so far defines the steps for initial validation. However, the usefulness of the scale is the ability to discriminate between different cohorts in the domain of interest. It is advised that several studies investigating different cohorts or interventions should be conducted to identify whether the scale can discriminate between groups. Ideally, these studies should have clearly defined outcomes where the changes in the domain of interest are well known. For example, in subsequent validation of the Postoperative Quality of Recovery Scale, four studies were constructed to show the ability to discriminate recovery and cognition in different cohorts of participants (mixed cohort, orthopedics, and otolaryngology), as well as a human volunteer study to calibrate the cognitive domain. [46] [47] [48] [49] Sample size Guidelines for the respondent-to-item ratio ranged from 5:1 [50] (i.e., fifty respondents for a 10-item questionnaire), 10:1, [30] to 15:1 or 30:1. [51] Others suggested that sample sizes of 50 should be considered as very poor, 100 as poor, 200 as fair, 300 as good, 500 as very good, and 1000 or more as excellent. [52] Given the variation in the types of questionnaire being used, there are no absolute rules for the sample size needed to validate a questionnaire. [53] As larger samples are always better than smaller samples, it is recommended that investigators utilize as large a sample size as possible. The respondent-to-item ratios can be utilized Table 2 : Questionnaire-related terminology [16, 44, 45] Terminology Definitions Construct A model, idea, or theory that the researcher is attempting to assess (e.g., quality of postoperative recovery) Validity
The ability of a questionnaire to truly measure what it purports to measure Reliability Reliability or reproducibility is the ability of a questionnaire to produce the same results when administered at two different points of time Content validity
The extent to which a questionnaire measure includes the most relevant and important aspects of a concept in the context of a given measurement application Face validity
The ability of an instrument to be understandable and relevant to the targeted population Construct validity
The degree to which scores on the questionnaire measure relate to other measures (e.g., patient reported or clinical indicators) in a manner that is consistent with theoretically derived a priori hypotheses concerning the concepts that are being measured Diagnostic validity
The accuracy of a questionnaire in diagnosing certain conditions (e.g., neuropathic pain) Known-group validity
The ability of a questionnaire to be sensitive to differences between groups of patients that may be anticipated to score differently in the predicted direction Criterion validity
The ability of a questionnaire to measure how well one measure predicts an outcome for another measure Concurrent validity
The association of an instrument with accepted standards Predictive validity
The ability of a questionnaire to predict future health status or test results. Future health status is considered a better indicator than the true value or a standard Internal consistency
The degree of the inter-relatedness among the items in a multi-item questionnaire measure. It is usually measured by Cronbach's alpha Repeatability (test-retest reliability)
The ability of the scores of an instrument to be reproducible if it is used on the same patient while the patient's condition has not changed (measurements repeated over time) Responsiveness
The extent to which a questionnaire measure can detect changes in the construct being measured over time. It is applicable only for questionnaires that are designed to assess changes in the construct within a short period of time to further strengthen the rationale for the large sample size when necessary.
Other considerations
Even though data collection using questionnaires is relatively easy, researchers should be cognizant about the necessary approvals that should be obtained prior to beginning the research project. Considering the differences in regulations and requirements in different countries, agencies, and institutions, researchers are advised to consult the research ethics committee at their agencies and/or institutions regarding the necessary approval needed and additional considerations that should be addressed.
Conclusion
In this review, we provided guidelines on how to develop, validate, and translate a questionnaire for use in perioperative and pain medicine. The development and translation of a questionnaire requires investigators' thorough consideration of issues relating to the format of the questionnaire and the meaning and appropriateness of the items. Once the development or translation stage is completed, it is important to conduct a pilot test to ensure that the items can be understood and correctly interpreted by the intended respondents. The validation stage is crucial to ensure that the questionnaire is psychometrically sound. Although developing and translating a questionnaire is no easy task, the processes outlined in this article should enable researchers to end up with questionnaires that are efficient and effective in the target populations.
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